Background: Major depressive disorder (MDD) is common among children and adolescents and is associated with functional impairment and suicide.
M
ajor depressive disorder (MDD) is relatively common in childhood and adolescence and is associated with functional impairment and suicide. Nationally representative samples have indicated a past-year prevalence of approximately 8% for adolescents (1, 2) and roughly 3% in younger children (aged 8 to 15 years) (3) . The prevalence of depression in primary care settings may be twice that of community samples of children and adolescents (4) and seems to be increasing (5) . In addition, nationally representative studies have indicated that fewer than one half of children and adolescents with major depression receive treatment for mental health issues (2, 3, 6) .
Primary care providers can play a critical role in identifying depression among children and adolescents, particularly because youth with mental health issues frequently use primary care services. Because primary care providers are often the first point of professional contact for children and their families during times of distress, they can facilitate early identification of mental health issues; begin initial management; and refer children, as necessary, for further mental health assessment and treatment. They also serve vital roles in collaborative care and practice networks that include mental health specialists.
Schools are also important in identifying and treating depression in children and adolescents. In 2011, 12% of adolescents aged 12 to 17 years reported receiving mental health care at school (2) .
Early identification and treatment may be particularly important because of the long-term and recurrent nature of MDD (7) and its myriad negative sequelae. Associated functional impairment; decreased academic performance; and troubled relationships with parents, siblings, and peers are common and can affect developmental trajectories (8, 9) . In addition, children and adolescents with depression are likely to have other comorbid mental health problems (7, 10) ; somatic symptoms, such as headache and migraine, stomach aches, and musculoskeletal pain; and chronic medical conditions, such as asthma and diabetes (11) . Childhood and adolescent MDD is associated with increased risk for suicidal thoughts, attempts, and completions (12) .
In 2009, the U.S. Preventive Services Task Force (USPSTF) guidelines recommended routine screening for depression in children and adolescents aged 12 to 18 years in primary care settings when resources are available for additional evaluation and care (13, 14) . Although most experts from family medicine, pediatrics, nursing, psychology, and child psychiatry endorse routine surveillance for youth at high risk for depression (15) , routine universal screening is still debated. Some pediatricians report discomfort with screening for and diagnosing depression, citing lack of self-efficacy, training, or experience specific to delivering mental health care (16) . Some providers are also concerned about access to mental health services for patients with positive screening results.
The objective of this report is to update the recommendations released in 2009 for screening adolescents and children for MDD in primary care and similar settings (such as school-based clinics).
METHODS

Scope of the Review
We searched for evidence on the benefits and harms of screening; accuracy of feasible screening tests; and potential benefits and risks of treating MDD using collaborative care, psychotherapy, or selective serotonin reuptake inhibitors (SSRIs) among children and adolescents seen in primary care or similar settings, such as school-based clinics. We also wanted to determine whether the benefits and harms differed by age, sex, or race/ethnicity. Appendix Tables 1 and 2 and Appendix Figures 1 and 2 (available at www.annals .org) show key questions; search strings; analytic framework; and numbers of identified articles, screened articles, eligible articles for full-text review, and included articles organized as a PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses) tree (for studies published since May 2007, the end date for the 2009 review's searches).
Data Sources and Searches
We searched PubMed (MEDLINE), the Cochrane Library, and PsychInfo for English-language articles published from May 2007 to 4 February 2015. Unpublished literature was identified via searches of ClinicalTrials. gov, Health Services Research Projects in Progress, and the World Health Organization's International Clinical Trials Registry Platform. We also reviewed and included, as appropriate, studies from reference lists of pertinent review articles and all literature suggested by peer reviewers or public comment respondents. Appendix Table 1 and the full evidence report (available at www.uspreventiveservicestaskforce.org) include all of the search strategies used for each key question and the databases searched.
Two investigators independently reviewed titles and abstracts. We dually and independently reviewed the full text of studies that at least 1 reviewer indicated as potentially meeting our prespecified criteria for each key question, according to initial abstract review. To reduce heterogeneity and ensure focus on children and adolescents with more serious symptoms because they are more likely to have severe functional impairment and suicidality, we restricted inclusion of efficacy and harms studies to those in which at least 50% of participants had an MDD diagnosis. Screening accuracy studies had to be done in primary care or similar settings, be of feasible length and format to administer in a setting similar to primary care, and include a comparison against a gold-standard assessment tool. We included randomized and nonrandomized trials published between May 2007 and 4 February 2015 and systematic reviews published between January 2011 and 4 February 2015 of MDD treatment efficacy and harms, test-retest studies of screening for MDD, and cohort studies with at least 1000 participants for studies of screening and treatment harms.
In addition to the new literature searches, we also applied, dually and independently, the inclusion and exclusion criteria described previously to all studies from the 2009 review (17) , which included articles published from 1990 to May 2007 that focused on screening for and treatment of depression, but not specifically MDD, in children and adolescents. The exact differences between the inclusion and exclusion criteria applied in the current and former reviews are documented in the full evidence report at www.uspreventive servicestaskforce.org.
Data Extraction and Quality Assessment
Using predefined criteria developed by the USPSTF and others for additional criteria for diagnostic accuracy studies, 2 investigators independently assessed the quality of each study as good, fair, or poor (18) . We resolved disagreements by discussion and consensus. For screening accuracy studies, flaws that resulted in poor-quality ratings included use of an inappropriate reference standard, improper administration of the screening test, biased ascertainment of the reference standard, very small sample size, or very narrowly selected spectrum of patients. For treatment efficacy and harms studies, flaws that resulted in poorquality ratings included high overall attrition (at least 20%) or differential attrition (at least 15%) between study groups, unreliable or invalid measurement instruments or unequal application across study groups (including not masking outcome assessment), and little or no attention given to key confounders; and, for randomized, controlled trials, the lack of an intention-totreat analysis. We excluded all studies dually determined to be of poor quality. We rated the overall body of evidence for each key question using the system developed by the USPSTF (18) .
Data Synthesis and Analysis
We organized our findings according to the key questions. We used Comprehensive Meta Analysis, version 3 (Biostat), to calculate effect sizes and 95% CIs. We planned to use meta-analysis to pool the efficacy outcomes by drug (such as escitalopram trials) and drug family (such as all SSRIs), but heterogeneity across studies limited the number of combinable interventions and outcomes, which precluded the calculation of pooled estimates. of the USPSTF. Members of the USPSTF and the Agency medical officer assisted in the development of the review's scope, key questions, and analytic framework. The Agency for Healthcare Research and Quality reviewed and approved this manuscript before publication, but the authors are solely responsible for its content and the decision to submit it for publication.
RESULTS
Only 2 new treatment efficacy studies met our criteria (19, 20) . The studies included in the 2009 review, when re-reviewed against our criteria, yielded 5 studies on screening accuracy (21-24) and 4 trials in 6 publications on treatment efficacy (3 publications on 1 trial [25] [26] [27] and 1 publication each on the other 3 trials [28 -30] ).
Benefits, Yield, and Harms of Screening
We found no trials that directly assessed the benefits or harms of screening children or adolescents for MDD in primary care settings. We also did not find studies that addressed whether screening increases the proportion of children or adolescents identified with MDD or results in harms.
No meta-analyses or retrospective cohort studies met our inclusion criteria. We excluded studies if less than half of the sample of children and adolescents had MDD or did not report outcomes for those with MDD separately (31) (32) (33) (34) . We also excluded studies (35) (36) (37) (38) that evaluated paroxetine as a treatment method because its use is contraindicated among children and adolescents due to concern for increased risk for suicidality.
Accuracy of Screening Instruments
Five fair-quality studies included in the 2009 review, but no studies published since, met our inclusion and quality criteria (21, 23, 24, 39, 40) (Table 1) for accuracy of screening instruments. These 5 studies examined such instruments as the Patient Health Questionnaire for Adolescents, Beck Depression Inventory (BDI), Center for Epidemiologic Studies Depression Scale, and Clinical Interview Schedule-Revised questionnaire. Four studies were done in schools, and 1 was done in a primary care setting. No study included children younger than 11 years.
In summary, the Patient Health Questionnaire for Adolescents and BDI reported the highest sensitivity (range, 73% to 90%) and specificity (range, 81% to 94%) (21, 39, 40) . Across all tests and studies, the positive predictive value was low and variable, ranging from 8% to 56%. The negative predictive value was 91% for the Clinical Interview Schedule-Revised questionnaire (24), greater than 99% for both studies of BDI that used a consistent cutoff score of 11 (21, 39) , and 99% for the Center for Epidemiologic Studies Depression Scale (23, 39) . With respect to subgroup differences, we found inconsistent results for sex differences in accuracy, with 1 study finding greater sensitivity and specificity for boys (39) and the other for girls (23) .
Benefits and Harms of Treatment
Six trials reported in 8 publications (4 trials reported in 6 publications included in the 2009 review [25] [26] [27] [28] [29] [30] and 2 newer studies [19, 20] ) met our inclusion criteria for benefits and harms of treatment. Interventions were tested, including SSRIs (fluoxetine, escitalopram, and citalopram), cognitive behavioral therapy A sixth recently published trial tested the efficacy of a collaborative care intervention done in 9 pediatric and family medicine clinics among adolescents aged 13 to 17 years (20) . None of the psychotherapy or combined intervention trials included children younger than 12 years. In addition, with 1 exception, all trials lasted 8 to 12 weeks; only the collaborative care trial examined longer-term outcomes ( Table 2) .
One good-quality trial (TADS) found significant associations between fluoxetine and response to treatment (25) (absolute risk difference, 25.7%) and between the combined fluoxetine and CBT intervention and response (absolute risk difference, 36.2%). Thus, evidence from this trial suggests that fluoxetine may be associated with large effect sizes in the acute phase. One of the 2 included escitalopram trials demonstrated efficacy, although the effect sizes for response to treatment were notably smaller than those for the fluoxetine trial. In addition, this escitalopram trial was the only one that examined efficacy by age group (but not by sex, race, or ethnicity) by testing differences in efficacy and then separately reported outcomes for adolescents aged 12 to 17 years and children aged 6 to 11 years (28) . Among children, the study found no significant differences between groups in depression symptoms or severity. However, among adolescents, all depression symptom and severity outcomes, except the Children's Depression Rating Scale-Revised (CDRS-R) score, differed significantly by treatment group.
Neither of the 2 psychotherapy trials (both done on adolescents) published in 4 publications demonstrated efficacy of CBT (25) (26) (27) 30) . In contrast, the combined fluoxetine and CBT group of TADS found significant differences in response (71.0% vs. 34.8%; P = 0.001; relative risk, 2.04), including number of depressive symptoms, remission, global functioning, global burden of psychiatric problems, and quality of life at 12-week follow-up, compared with the placebo group (25) (26) (27) . The collaborative care trial found that intervention patients had significant decreases in mean CDRS-R scores at 6 months (Ϫ8.5) and 12 months (Ϫ9.4). They were also more likely to achieve response at both 6 months (odds ratio, 5.2) and 12 months (odds ratio, 3.9) and remission at 12 months (odds ratio, 3.3) than control patients.
All but 1 efficacy trial provided information on harms. One good-quality study, TADS (25) , found no significant differences for harm-related adverse events (AEs) or suicide-related AEs between the fluoxetine, CBT, or combined fluoxetine and CBT group and the placebo group. The rate of discontinuation due to AEs, serious AEs (SAEs), AEs suggestive of self-harm, suicidality, or laboratory values or tests did not differ significantly between the escitalopram and placebo groups in 1 trial (19), other than a greater decrease in platelet counts in the escitalopram group. The second escitalopram fair-quality trial (28) reported 2 SAEs and 1 potentially suicide-related event in the escitalopram group and 3 SAEs and 2 potentially suicide-related events in the placebo group. These differences were not statistically significant. The fair-quality citalopram trial (29) reported no significant difference between groups in overall discontinuation (20% in the citalopram group vs. 21% in the placebo group) or discontinuation due to AEs (5.9% vs. 5.6%) and no SAEs, including suicidality.
The good-quality collaborative care trial (20) found no significant differences in the mean number of psychiatric hospitalizations or emergency department visits that were associated with primary psychiatric diagnoses for the collaborative care group compared with the control group (6% vs. 4% and 2% vs. 10%, respectively). Although it is reassuring that none of these studies saw significant harms, the possibility of harms cannot be definitively excluded because the data were underpowered to show equivalence.
DISCUSSION
Appendix Table 3 (available at www.annals.org) summarizes the evidence. We found no trials meeting the inclusion and quality criteria for this review that examined the overall question of whether routine screening for pediatric MDD in primary care reduced depression or improves other health-related outcomes. We found no new eligible screening studies. The subset of studies from the 2009 review that continued to meet inclusion criteria offered limited evidence. Our conclusions are consistent with that of the previous review. In short, the Patient Health Questionnaire for Adolescents and BDI continue to outperform other screening tools. No included studies tested more recent screening tools that are known to have good psychometric properties. In addition, some of the older studies included in this report used adult versions of screening tools that have since developed child-or adolescent-specific versions (41, 42) . We noted that the positive predictive value of instruments examined in these studies was relatively low (range, 10% to 56%); thus, 44% to 90% of persons with positive screening results for MDD will not, in fact, have a clinical diagnosis of MDD after further testing. Moreover, the substantial heterogeneity in interventions, populations, and settings and the lack of replication studies makes generalization of findings from these studies challenging. The gap in evidence of accurate MDD screening tools for children persists after doing this updated review. No included studies examined harms of screening or whether screening increases the proportion of children or adolescents identified with MDD.
We identified randomized, controlled trials that sought to examine the efficacy of collaborative care and SSRI interventions for children and adolescents with MDD, although not all showed significant benefit (specifically, the citalopram trial and 1 escitalopram trial showed no significant benefit). We found very limited evidence on psychotherapy. A recent network metaanalysis on different types of depression in children and adolescents (major depression, minor depression, intermittent depression, or dysthymia) found that only interpersonal therapy was more effective than control conditions at both short-and long-term follow-up; both interpersonal therapy and CBT were more effective than control conditions in the short term. The applicability of these findings to children and adolescents with screen-detected MDD is unclear (43) . Overall, harms of treatment seemed to be minimal.
Limitations arise from our stringent criteria and from potential publication bias. In particular, we limited our review to English-language studies that focused solely on screening and treatment of MDD in primary care. We did not address screening or treatment of minor depression, dysthymia, or depression in subgroups 38.6 at 12 mo CBT = cognitive behavioral therapy; CDI-S = Children's Depression Inventory-Short Version; CDRS-R = Children's Depression Rating Scale-Revised; CGAS = Children's Global Assessment Scale; CGI-I = Clinical Global Impressions-Improvement Scale; MDD = major depressive disorder; NR = not reported. * CGI-I score = 1 or 2. † As measured by a Patient Health Questionnaire-9 score <5 (range, 0 -27, with higher scores indicating greater levels of depressive symptoms). ‡ As measured by the Columbia Impairment Scale (range, 0 -52, with higher scores indicating greater levels of functional impairment).
believed to be at high risk (for example, those with parental depression or comorbid mental or physical health conditions). Controversy continues about whether depressive symptoms exist on a continuous spectrum or whether MDD is a diagnostic entity of distinct clinical significance, particularly among children and adolescents (44) . Although several studies have shown that subthreshold depression is a risk factor for MDD (45) , its role in temporal progression to MDD is not well-understood. Studies done in adults that have quantified the risk for MDD after having subthreshold depressive symptoms have shown that approximately 8% are diagnosed with MDD in the following 3 years (46) . Primary care providers need to be aware of potential risk factors for MDD and attempt early intervention, particularly among patients who have already had an episode of major depression. The burden of universal screening requires clear evidence of net benefit for making screening recommendations. Given the paucity of evidence on the etiologic links among subthreshold depression, dysthymia, and depression, we chose to focus on screening for existing MDD rather than prevention. As noted previously, we excluded studies of paroxetine, which may have resulted in finding little overall harm from SSRIs.
Our inclusion and exclusion criteria and thresholds for quality resulted in 5 screening studies comprising nearly 2900 children and adolescents (none of whom were younger than 11 years) and 6 treatment trials with findings published in 8 papers that studied fewer than 1500 children and adolescents with MDD done over the past 3 decades. As a result, we cannot rule out the absence of benefits or harms, particularly for rare outcomes. Guidance suggests that interventions with a relative risk reduction of 20% to 25% and a control event rate of 20% require a sample size between 2000 and 4000 (47) . Such outcomes as suicidality occur at much lower rates in the control group and may require even larger samples to rule out the absence of benefits and harms.
The difficulty in recruiting and enrolling children and adolescents into research studies may drive the methodological limitations of the evidence, such as small sample size, high attrition, and biased ascertainment of the reference standard in screening studies. Concerns about risks in this vulnerable population may limit funding of and enrollment within studies. High attrition is common in studies with long-term follow-up involving children and adolescents, particularly in areas of mental health. In the context of the dynamic nature of the health status of children and adolescents, a time lapse between screening and diagnostic interviews may result in biased ascertainment of the reference standard and could explain only moderate sensitivity and specificity of screening instruments.
Finally, these findings may have limited applicability to the typical primary care setting. Included studies generally drew patients from research or academic settings ranging from 1 to 40 sites. Only 1 screening accuracy study was done in a primary care setting (40); only 2 treatment trials were done predominantly in clinical settings throughout the community (20, 25) . Thus, few primary care settings were used as the referral point or the actual intervention setting in our included studies. In addition, no school clinics served as treatment sites. Included studies had stringent inclusion and exclusion criteria, such as the exclusion of patients with several comorbidities. The patients eligible for these trials may not be representative of all patients with MDD seen in primary care.
Critical needs for future research include the following:
Populations: Benefits and harms for subgroups defined by age (especially younger than 12 years), sex, race, ethnicity, or socioeconomic status. Interventions: Benefits and harms from psychotherapy, non-SSRIs, complementary and alternative medicine, or combination treatments for children with MDD.
Outcomes: Accuracy of screening, whether screening increases the proportion of children and adolescents identified with depression, patients' uptake of treatment after screening and referral, harms of screening, benefits and harms of treatment, and harms of not treating MDD.
Timing: Long-term outcomes, benefits, and harms from different frequencies of screening.
Setting: Benefits and harms of screening in different locations, including studies sampling from primary care and school clinic settings.
In conclusion, these studies provide no evidence of a direct link between screening children and adolescents for MDD in primary care or similar settings and depression or other health-related outcomes. However, they do contribute evidence that some screening tools are accurate and some treatments are beneficial among adolescents (but not younger children). Although no study found significant harms associated with treatment, lack of precision hampers our ability to rule out effects. Evidence gaps sharply limit conclusions for screening children younger than 12 years; screening and treatment differences by sex, race, or ethnicity subgroups; and efficacy of MDD treatment other than SSRIs. Current author addresses and author contributions are available at www.annals.org.
